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(54) FORMATION OF METALLIC NITRIDED FILM BY CHEMICAL VAPOR PHASE DEPOSITION AND 
FORMATION OF METALLIC CONTACT OF SEMICONDUCTOR DEVICE USING THIS FORMATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for forming a 
metallic nitrided film by a chemical vapor phase deposition method 
and to provide a method for forming a metallic contact of a 
semiconductor device using. 

SOLUTION: This method has a stage in which a semiconductor 
substrate is charged into a vapor depositing chamber, a stage in 
which a metallic source is flowed into the vapor depositing 
chamber, a stage in which a purge gas is flowed into the vapor 
depositing chamber, and the metallic source remaining in the vapor 
depositing chamber is removed, a stage in which the inflow of the 
purge gas is cut off, the nitrogen source gas is flowed into the 
vapor depositing chamber so as to be reacted with the metallic 
source adsorbed by the semiconductor substrate and a stage in 
which the inflow of the nitrogen source gas is cut off, the purge 
gas is flowed into the vapor depositing chamber and the nitrogen 
source remaining in the vapor depositing chamber is removed, and 
a metallic nitrided film is formed on the semiconductor substrate. 
In this way, the metallic nitrided film having low specific resistance 
and a low CI content while being excellent in level difference 

applicability at a low temp, of <500° C can be obtd., whose deposition rate is about 20 &angst;/cycle, and 
it is also suitable for mass production. 
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CLAIMS 



{Claim(s)] 

[Claim 1] In the metal nitride formation approach by the chemistry gaseous-phase vacuum deposition 
which uses the metal source and the nitrogen source as a precursor (a) The phase which inserts a semi- 
conductor substrate in the vacuum evaporationo interior of a room, and the phase of pouring the (b) 
aforementioned metal source to the vacuum evaporationo interior of a room, (c) The phase of removing 
said metal source which intercepts the inflow of said metal source, passes purge gas to the vacuum 
evaporationo interior of a room, and remains to the vacuum evaporationo interior of a room, (d) Said metal 
source which intercepted the inflow of said purge gas. poured the nitrogen source to the vacuum 
evaporationo interior of a room, and adsorbed on said semi-conductor substrate, and the phase of making 
it reacting, (e) The metal nitride formation approach characterized by providing the phase of removing said 
nitrogen source which intercepts the inflow of said nitrogen source, passes purge gas to the vacuum 
evaporationo interior of a room, and remains to the vacuum evaporationo interior of a room, and forming a 
metal nitride on said semi-conductor substrate. 

[Claim 2] Said metal source TiCI4, TiCI3, TiI4, and TiBr2, TiF4, 2 (C five H5) TiCI2, and 2 (5 (CH3) C5) 

?Px'o C ^^ TiCI3, 09 H10BCI3 N6 Ti > and 09 H7 TiCI3. (C5 5 (CH3)) TiCI3 and TiCI4 2 <NH3) And (CH3) 5 

. .™ f CCH3J 11 ,s at least one ch °sen from the becoming group. Said nitrogen source is NH3. The metal 
nitride formation approach according to claim 1 characterized by carrying out and forming a titanium 
nitride. 

[Claim 3] Vacuum evaporationo temperature is the metal nitride formation approach according to claim 2 
characterized by being 400-500 degrees C. 

{Claim 4] The pressure of said vacuum evaporationo interior of a room is the metal nitride formation 
approach according to claim 2 characterized by being 1 - 20torr. 

[Claim 5] Said metal source is TDEAT or TDMAT, and said nitrogen source is NH3. The metal nitride 
formation approach according to claim 1 characterized by carrying out and forming a titanium nitride 
ICIaim 6J It is the metal nitride formation approach according to claim 5 which vacuum evaporationo 
temperature is 250-400 degrees C, and is characterized by the pressure of said vacuum evaporationo 
interior of a room being 0.1 - 10torr. 

{Claim 7] Said metal source is TaBr5. TaCI5. TaF5. and TaI5. And (C5 5 (CH3)) TaCI4 It is at least one 
chosen from the becoming group, and said nitrogen source is NH3. The metal nitride formation approach 
according to claim 1 characterized by carrying out and forming a tantalum nitride. 

[Claim 8] Vacuum evaporationo temperature is the metal nitride formation approach according to claim 7 
characterized by being 400-500 degrees C. 

[Claim 9] The pressure of said vacuum evaporationo interior of a room is the metal nitride formation 
approach according to claim 7 characterized by being 1 - 20torr. 

[Claim 10] said purge gas — Ar or N2 it is — the metal nitride formation approach according to claim 1 
characterized by things. 

[Claim 1 1] Said metal source which flows into said vacuum evaporationo interior of a room is the metal 
nitride formation approach according to claim 1 characterized by pouring a sink and said nitrogen source by 
the flow rate of 5 - 200sccm for 1 - 10 seconds, and pouring a sink and said purge gas for 1 - 10 seconds 
by the flow rate of 10 - 200sccm for 1 - 10 seconds with the flow rate of 1 - Ssccm. 
{Claim 12] The metal nitride formation approach according to claim 1 characterized by continuing and 



"passing the controlled atmosphere between the - (e) phases (aforementioned [ a ]) to said vacuum 
evaporationo interior of a room in order to maintain uniformly the pressure of said vacuum evaporationo 
interior cf a room. 

* [Claim 13] Said controlled atmosphere is Ar, helium, and N2. The metal nitride formation approach 
according to claim 1 2 characterized by being at least one chosen from the becoming group. 
LCIaim 14] The metal nitride formation approach according to claim 1 characterized by mixing conveyance 
gas in said metal source or the nitrogen source, and passing to said vacuum evaporationo interior of a 
room in order to make it said metal source or the nitrogen source flow smoothly to said vacuum 
evaporationo interior of a room. 

[Claim 15] said conveyance gas — Ar or N2 it is — the metal nitride formation approach according to 
claim 1 characterized by things. 

[Claim 16] The metal nitride formation approach according to claim 1 characterized by repeating the - (e) 
phase (aforementioned [ b ]) and adjusting the thickness of the metal nitride vapor-deposited on said 
semi-conductor substrate. 

[Claim 1 7] (a) The phase which forms the 1 st metal layer on a semi-conductor substrate, and the phase 
which carries out the laminating of the interlayer insulation film on the 1 st metal layer of (b) above, (c) The 
phase which etches an interlayer insulation film and forms a contact hole so that said 1st metal layer may 
be exposed, (d) The phase of pouring the metal source to the vacuum evaporationo interior of a room, and 
making the metal source sticking to an object as a result of the aforementioned (c) phase, (e) The phase of 

metal source, passes purge gas, and 
remains to the vacuum evaporationo interior of a room, (f) Intercept the inflow of said purge gas and it is 
made to react with said metal source with which the nitrogen source was poured to the vacuum 
evaporationo interior of a room, and was adsorbed by the lifter as a result of the aforementioned (d) phase. 
The phase which forms the metal nitride of a barrier-metal layer on said exposed 1 st metal layer and a 
contact hole, (g) The phase of removing said nitrogen source which intercepts the inflow of said nitrogen 
source, passes purge gas to the vacuum evaporationo interior of a room, and remains to the vacuum 
evaporationo interior of a room, (h) The metal contact formation approach of the semiconductor device 
characterized by including the phase which forms a metal plug in a lifter as a result of the aforementioned 

UP Phase, and the phase which forms the 2nd metal layer in a lifter as a result of the <i) aforementioned (h) 
phase. 

Sjj"/!? Sa ' d meta ' S ° UrCe TiC ' 4, TiCI3 ' TiI4 ' and TiBr2 ' TiF4 - 2 (C five H5 > TiCI2 - and 2 (5 (CH3) C5) 
T.CI2 C5 H5 TiCI3. C9 H10BCI3 N6 Ti, and C nine H7 — TiCI3 and TiCI (C5 5 <CH3))3 — TiCI4 2 (NH3) 

And (CH3) 5C5 Ti3 (CH3) It is at least one chosen from the becoming group. Said nitrogen source is NH3. 
I he metal contact formation approach of the semiconductor device according to claim 1 7 characterized by 
carrying out and forming a titanium nitride as said barrier-metal layer. 

[Claim 1 9] It is the metal contact formation approach of the semiconductor device according to claim 1 8 
m**™"!* 6 tV *~ ^ vacuum evaporationo temperature of the - (g) phase {aforementioned [ d ]) being 
4OU-0U0 degrees C. and the pressure of the vacuum evaporationo interior of a room being 1 - 20torr. 
LCIaim 20] Said metal source is TDEAT or TDMAT, and said nitrogen source is NH3. The metal contact 
formation approach of the semiconductor device according to claim 17 characterized by carrying out and 
forming a titanium nitride as said barrier-metal layer. 

[Claim 21] It is the metal contact formation approach of the semiconductor device according to claim 20 
Tw-am by f ° r vacuum evaporationo temperature of the - (g) phase (aforementioned [ d ]) being 

400 degrees C. and the pressure of said vacuum evaporationo interior of a room being 0.1 - 10torr 
LCIaim 22] Said metal source is TaBr5, TaCI5, TaF5. and TaI5. And <C5 5 (CH3)) TaCI4 It is at least one 
chosen from the becoming group, and said nitrogen source is NH3. The metal contact formation approach 
of the semiconductor device according to claim 1 7 characterized by carrying out and forming a tantalum 
nitride as said barrier-metal layer. 

[Claim 23] It is the metal contact formation approach of the semiconductor device according to claim 22 
Inn-^nn 7^ bV the vacuum evaporationo temperature of the - <g) phase (aforementioned [ d ]) being 
rrV • o < ? egrees C ' and the Pressure of said vacuum evaporationo interior of a room being 1 - 20torr 
LCIaim 24] said purge gas — Ar or N2 it is — the metal contact formation approach of the semiconductor 
device according to claim 17 characterized by things. 

[Claim 25] Said metal source which flows into said vacuum evaporationo interior of a room is the metal 



■ 

"contact formation approach of the semiconductor device according to daim 1 7 characterized by pouring a 
sink and said nitrogen source by the flow rate of 5 - 200sccm for 1 - 1 0 seconds, and pouring a sink and 
said purge gas for 1 - 10 seconds by the flow rate of 10 - 200sccm for 1 - 10 seconds with the flow rate 

-of 1 - 5sccm. 

[Claim 26] In order to maintain uniformly the pressure of said vacuum evaporation© interior of a room 
between the - (g) phases (aforementioned [ d ]), it is Ar. helium, and N2. The metal contact formation 
approach of the semiconductor device according to claim 1 7 characterized by continuing and passing at 
least one controlled atmosphere chosen from the becoming group to said vacuum evaporationo interior of a 
room. 

[Claim 27] The metal contact formation approach of the semiconductor device according to claim 1 7 
characterized by repeating the - (g) phase (aforementioned [ d ]) and adjusting the thickness of the 
barrier-metal layer vapor-deposited on said 1st metal layer and a contact hole. 

[Claim 28] Said 1 st metal layer is the metal contact formation approach of the semiconductor device 
according to claim 1 7 characterized by being aluminum. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semiconductor device and 
relates to the metal nitride formation approach by the chemistry gaseous-phase vacuum deposition (it 
considers as Chemical Vapor Deposition and Following CVD) which uses the metal source and the nitrogen 
source for a deta.l as a precursor, and the metal contact formation approach of the semiconductor device 
using this. 

[0002] 

[Description of the Prior Art] For stabilization of the contact interface of a semiconductor device the 
barrier-metal layer wh.ch carries out the role which controls the counter diffusion and the chemical 
reaction between other matter is indispensable. Although a metal nitride like TiN, TaN, and WN is generally 
UlnSoi 38 3 b f rner ~ metal la y er of such a semiconductor device, TiN is the typical matter also in this. 
[0003] However, when manufacturing a metal nitride like TiN by the sputtering approach, there is a problem 
in applying to the semiconductor device which level difference spreading nature is low and integrates highly 
in order The cross section at the time of forming the beer contact for connection during metal wiring (via 
contact; as an example is shown in drawing 9 A and drawing 9 B. Drawing 9 A and drawing.9 B show simple 
beer contact and support beer contact respectively, and are as follows like the formation fault After 

« I?.!™* 8 ' ' ayer 30 WhiGh consists of aluminum on the semi-conductor substrate 20 and forming 
the TiN film 40 by the sputtering approach as capping film on it, the laminating of the interlayer insulation 
films 50 and 51 is carried out. subsequently — the — one — a metal — a layer — 30 — a top — an 
interlayer insulation film — etching — a contact hole — forming (the process which forms Support A by 
_f T C M e -T' C u e " graving being added in di^ing-9 B) - a glue line — Ti - and - a barrier metal - a layer 
I iN the film — 60 — 61 — having vapor-deposited — after — a CVD method — a contact hole — 

l? g + " uu tl | ngSten " ( ~ W ~ } ~ a P ,u e - 70 - 71 - Arming . Henceforth, chemical machinery-polish 
and etchback remove the tungsten for the upper part, and connection between metal wiring is completed 
by carrying out the laminating of the 2nd metal layer on it (this process was not shown) 
[0004] Here, although the conventional approach vapor-deposits the TiN film 60 and 61 of a barrier-metal 
layer by the sputtering approach which is not good, by the part A which forms the base of a contact hole 
dark circles and support, the thickness of the TiN film becomes thin as the aspect ratio of beer becomes 
large. Therefore, WF6 T. or whose aluminum is tungsten source gas by the part where the thickness is thin 
at the time of tungsten vacuum evaporationo of a consecutiveness process TiFX which it combines with a 
residual fluonne and is an insulator layer Or AIFX It forms and the poor contact X is invited 
[0005] When increasing vacuum evaporationo time amount and making the thickness of the TiN film 60 and 
61 increase as an approach of removing such poor contact, after the thickness of the TiN film increasing 
and the upper part of a contact hole becoming narrow or closing only the upper part of a contact hole 
poss.bM.ty that a vo.d will occur at the time of tungsten vacuum evaporationo is high. Therefore, in order to 
apply T.N to contact with a large aspect ratio, the process at which the level difference spreading property 
has been improved is needed. Therefore, the production process of the metal nitride (henceforth a CVD- 
metal nitride) by the CVD method has been studied as a next-generation process 

[0006] The metal source 4 which generally contains chlorine (CI) at a CVD-metal nitride process (source 
of a metal), for example, TiCI, A precursor [ like ] is used. TiCI4 Although the CVD-metal nitride used as a 



precursor has 95% or more of high level difference spreading nature and has the advantage in which an 
evaporation rate is quick, there is a problem in which CI remains as an impurity within a metal nitride Thus 
CI which remains in a metal nitride as an impurity makes specific resistance high for the corrosion problem 
of metal wiring like aluminum with a lifting. Therefore, although it is required that CI content which remains 
in a metal nitride should be reduced, and specific resistance should be made low, for that, it should vapor- 
deposit at high temperature. Namely, TiCI4 In order to obtain the specific resistance below 200micro ohm- 
cm at the CVD-metal nitride process using the metal source [ like ], the vacuum evaporationo temperature 
of 675 degrees C of minimum is needed. However, since the vacuum evaporationo temperature of 480 
degrees C or less is required when vapor-depositing a metal nitride in the beer contact with which there is 
a problem exceeding the thermal burden limitation that the substrate film can bear, and a thermal stress 
limitation, and especially Si contact and aluminum are used as the substrate film, the high vacuum 
evaporationo temperature of 600 degrees C or more cannot adopt a hot CVD-metal nitride process 
[0007] It is TiCI4 as a low-temperature-evaporation CVD-metal nitride process. Although the approach of 
adding MH (methylhydrazine and HNNH(CH3) 2) is in the metal source [ like ], there is demerit from which 
a level difference spreading property falls to 70% or less in this case. 

[0008] As other approaches in which low temperature evaporation is possible, there is the MOCVD-metal 
nitride formation approach which uses the organic metal precursor of TDEAT (tetrakis diethylamino Ti and 
T.4 (N(CH2 CH3) 2)) and TDMAT (tetrakis dimethylamino Ti and Ti4 (N(CH3) 2)). The trouble by CI does 
not occur and a MOCVD-metal nitride has the advantage in which low temperature evaporation is possible 
However, carbon recognizes abundant existence of the MOCVD-metal nitride as an impurity, it shows high 
specific resistance, and the demerit which is not good at about 70% is in the film. 

[0009] On the other hand, as other approaches which are not vacuum evaporationo in order to conquer the 
trouble by CI, the formation approach of the metal nitride by the atomic layer grown method (it is called 
atomic layer epitaxy and Following ALE) is tried. However, in order to grow up ALE per atomic layer only 
using chemical adsorption, there is demerit in which an evaporation rate (0.25A/cycle following) is too 
much slow in applying to the production process of the semiconductor device as which mass production 
method is required. 
[0010] 

[Problem(s) to be Solved by the Invention] The purpose is in this invention taking the above demerits into 
consideration, being thought out, and offering the approach of forming the metal nitride which is satisfied 
with low temperature of the level difference spreading property of having excelled though the evaporation 
rate was quick, low high impurity concentration, and low resistivity. 

[0011] Other purposes of this invention are to apply the above-mentioned metal nitride formation approach 
to metal contact of a semiconductor device, and offer the metal contact formation approach of having the 
barrier-metal layer which is satisfied with low temperature of the level difference spreading property of 
having excelled though the evaporation rate was quick, low high impurity concentration, and low resistivity. 
L00 1 2 J 

[Means for Solving the Problem] The metal nitride formation approach of this invention for attaining the 
above-mentioned purpose is the metal nitride formation approach by the chemistry gaseous-phase vacuum 
deposition which uses the metal source (source of a metal), and the nitrogen source (nitrogen source) as a 
precursor, and is characterized by being made as follows. First, a semi-conductor substrate is inserted in 
the vacuum evaporationo interior of a room, and the metal source is poured to the vacuum evaporationo 
interior of a room. The inflow of the metal source is intercepted after predetermined time, and the metal 
source which flows purge gas into the vacuum evaporationo interior of a room, and remains to the vacuum 
evaporationo interior of a room is removed. The inflow of purge gas is intercepted after predetermined 
time, and it is made to react with the metal source which pours the nitrogen source to the vacuum 
evaporationo interior of a room and by which it was adsorbed on said semi-conductor substrate. Again the 
inflow of the nitrogen source is intercepted, purge gas is passed to the vacuum evaporationo interior of a 
room after predetermined time, the nitrogen source which remains to the vacuum evaporationo interior of a 
room is removed, and a metal nitride is formed on a semi-conductor substrate. 

[0013] The metal nitride formation approach of this invention can repeat the gas inflow cycle passed in 
order of the above-mentioned metal source -> purge gas -> nitrogen source -> purge gas until it obtains 
the metal nitride of the thickness of a wish. 

[0014] The metal source here TiCI4 (titanium chloride), TiCI3 (titanium chloride) and TiI4 (titanium iodide). 



TiBr2 (titanium brpmideXand TiF4 (titanium fluoride), 2 TiCI2 <bis(cyc!opentadienyl) titanium dichloride), (C 
five H5) 2 TiCI2 (bis(pentamethylcyclopentadienyl) titanium dichloride), (CH3) (5 C5) C5 H5 TiCI3 
(cyclopentadienyltitanium trichloride), C9 H10BCI3 N6 Ti (hydr-otris(l-pyrazolylborato) trichloro titanium), 
C9 H7 TiCI3 (indenyltitanium trichloride), TiCI3 (pentamethylcyclopentadienyltitanium trichloride), (C5 5 
<CH3)) TiCI4 2 (NH3) (tetrachlorodiaminotitanium), 5 C5 Ti (CH3)3 {trimethylpentamethylcyclopenta 
dienyltitanium), (CH3) It is TDEAT or TDMAT and the nitrogen source can form a titanium nitride by the 
metal nitride as NH3. The metal source TaBr5 (tantalum bromide) and TaCI5 {tantalum chloride), TaF5 
(tantalum fluoride), It is referred to as TaI5 or (tantalum iodide) (C5 5 (CH3)) TaCI4 

(pentamethylcyclopentadienyltantalum tetrachloride). It is the nitrogen source NH3 Carry out, a tantalum 
nitride is made to form and it gets. 

[0015] Moreover, purge gas is Ar or N2. It is desirable to use inert gas. 

[0016] As for the flow rate of the metal source which flows into the vacuum evaporationo interior of a 
room, the nitrogen source, and purge gas, it is desirable to make it respectively like 1 - 5sccm, 5 - 
200sccm, and 10 - 200sccm, and, as for the inlet time of each gas, it is desirable to make it about 1-10 
seconds. 

[0017] Moreover, in order to maintain uniformly the pressure of the vacuum evaporationo interior of a 
room, it is Ar, helium, or N2. A controlled atmosphere can also be continued and passed to the vacuum 
evaporationo interior of a room. 

[0018] It is desirable to make the vacuum evaporationo room pressure force to 0.1 - 10torr, and to make 
vacuum evaporationo temperature into 250-400 degrees C on the other hand, in forming the TiN film as 
the metal source using TDEAT or TDMAT. In using the metal source the outside of it, the vacuum 
evaporationo room pressure force is made to 1 - 20torr, and it makes vacuum evaporationo temperature 
into 400-500 degrees C. 

[0019] The metal contact formation approach of this invention for attaining other above-mentioned 
purposes is the metal contact formation approach which forms the 1 st metal layer, an interlayer insulation 
film, a contact hole, a barrier-metal layer, a metal plug, and the 2nd metal layer in order on a semi- 
conductor substrate, and the process which forms especially a barrier-metal layer is characterized by the 
following. That is, the metal source is poured and the metal source is made to adsorb to the semi- 
conductor substrate with which the contact hole which exposes the 1 st metal layer to an interlayer 
insulation film was formed. The metal source which intercepts the inflow of the metal source, passes purge 
gas, and remains to the vacuum evaporationo interior of a room is removed after predetermined time. The 
inflow of purge gas is intercepted after predetermined time, and the metal nitride of a barrier-metal layer is 
formed on the 1st metal layer which was made to react with the metal source which poured the nitrogen 
source to the vacuum evaporationo interior of a room, and adsorbed it on said semi-conductor substrate, 
and was exposed, and a contact hole. Again, the inflow of the nitrogen source is intercepted after 
predetermined time, purge gas is passed to the vacuum evaporationo interior of a room, and the nitrogen 
source which remains to the vacuum evaporationo interior of a room is removed. 

[0020] As mentioned above, the barrier-metal layer morphosis is repeatedly executable until it obtains the 
barrier-metal layer of desired thickness. 

[0021] The metal source here TiCI4, TiCI3, TiI4, and TiBr2, TiF4, 2 (C five H5) TiCI2, and 2 (5 (CH3)C5) 
TiCI2, C5 H5 TiCI3, C9 H10BCI3 N6 Ti, and C9 H7 TiCI3, TiCI3 and TiCI4 2 (NH3), (C5 5 (CH3)) They are 5 
C5 Ti (CH3)3, TDEAT, or TDMAT. (CH3) the nitrogen source — NH3 ****** — making^a-titanium nitride 
form by the metal nitride **** — the metal source — TaBr5, TaCI5 and TaF5, and TaI5 Or (C5 5 (CH3)) 
TaCI4 it is — the nitrogen source — NH3 ** — it carries out and the TaN film is made to form in a 
barrier-metal layer 

[0022] Moreover, purge gas is Ar or N2. It is desirable to use inert gas. 

[0023] The flow rate and inlet time of the metal source poured to the vacuum evaporationo interior of a 
room, the nitrogen source, and purge gas are taken as the same range as the metal nitride formation 
approach of this invention mentioned above. 

[0024] Moreover, in order to maintain uniformly the pressure of the vacuum evaporationo interior of a 
room, it is Ar, helium, or N2. The vacuum evaporationo interior of a room can be followed, and a controlled 
atmosphere can also be passed. 

[0025] It is desirable to consider as 400-500 degrees C on the other hand, when using TDEAT and TDMAT 
as the metal source and using 250-400 degrees C and the metal source the outside of it at the time of 



formation of a barrier-metal layer. 

[0026] Thus, according to constituted this invention, though a level difference spreading property is 
excellent, the metal nitride which has the low specific resistance below 200micro ohm-cm and low CI 
content is obtained. Moreover, an evaporation rate is 20A of outlines, and cycle, forming a CVD-metat 
nitride at low temperature 500 degrees C or less. A growth rate is 0.25A / cycle. Compared with the metal 
nitride formation approach by ALE, an evaporation rate is quick. 
[0027] 

[Embodiment of the Invention] Hereafter, the desirable embodiment of this invention is explained to a detail 
with reference to an accompanying drawing. 

[0028] Drawing,! is the schematic diagram showing the CVD system for vapor-depositing a metal nitride by 
the formation approach of this invention. 

[0029] Depending on the number of the metal source which makes the number of gas p j pe s flow in the 
vacuum evaporationo room 1 00, and the nitrogen sources, i.e., the number of reaction gases, although two 
or more gas pipes 1 1 4a and 11 4b are formed in order to make a reaction gas the vacuum evaporationo 
room 100 flow in the vacuum evaporationo room 100 as illustrated, in the embodiment of this invention, two 
gas pipes 1 14a and 1 14b are formed. 

[0030] These two gas pipes 1 14a and 1 14b are TiCI4 as the metal source, when vapor-depositing the TiN 
film on the semi-conductor substrate 1 04, although the edge of that one side is respectively connected 
with the source of supply (not shown) of the metal source, and the source of supply (not shown) of the 
nitrogen source. It is used and is NH3 as the nitrogen source. It is used. On the other hand, the edge of a 
side besides gas pipes 1 14a and 1 14b is connected with the semi-conductor substrate 104 laid in the 
vacuum evaporationo room 100, and the shower head 1 10 from which are separated of more nearly 
predetermined distance (D of drawmjg. A ). therefore, the shower head 110 with which the reaction .gas 
supplied from the source of gas supply (not shown) was connected with the edge of gas pipe 1 14a and gas 
pipe 1 14b — leading — the vacuum evaporationo room 100 — flowing — the film is formed on the semi- 
conductor substrate 104 by causing a reaction mutually. 

[0031] The shower head 110 has the desirable many-items shower head it is made to flow in the vacuum 
evaporationo room 1 00 in the condition that a reaction gas is not mixed, and uses 2 edge shower head in 
this embodiment. Moreover, in order to supply the purge gas for making the residual gas after a reaction 
exhaust in the vacuum evaporationo room 100, it is desirable to attach the purge gas supply lines 1 14c and 
1 1 4d in gas pipes 1 1 4a and 1 1 4b. 

[0032] A valve 1 12 is formed in each gas supply Rhine, and purge gas and reactant gas can be made to be 
able to flow in the vacuum evaporationo room 100 by ON/OFF of a valve 1 12, or it can intercept. As for a 
valve 1 12, it is desirable to be adjusted by the control section programmed like for example, a pneumatic 
valve to be able to control ON/OFF of a valve a fixed period beforehand. A reference mark 102 is a heater 
for heating the semi-conductor substrate 1 04. 

[0033] How to vapor-deposit a metal nitride like TiN by this invention to the semi-conductor substrate 
hereafter laid in the vacuum evaporationo interior of a room of the CVD system -constituted as mentioned 
above with reference to drawin g 1 and drawing 2 is explained to a detail. 

[0034] First, the semi-conductor substrate 104 is inserted in in the vacuum evaporationo room 100. An 
individual component [ like a transistor ] whose semi-conductor substrate 104 of this is may already be 
formed in that front face. (Refer to drawin g 1 ) and metal source supply line 1 14a — leading — TrC14 The 
metal source [ like ] is poured ts time in the vacuum evaporationo room 100. On the other hand, it is Ar 
and N2 because of the flow of smooth gas. Conveyance gas [ like ] can be mixed with the metal source, 
and it can pass in the vacuum evaporationo room 100. At this time, other valves besides the valve of gas 
supply Rhine 1 14a for making the metal source flow are OFF states. Therefore, in the vacuum evaporationo 
room 100, it is TiCI4. Only the metal source [ like ] is poured. Under the present circumstances, some 
metal sources which flowed stick to substrate 104 front face chemically and physically, and the remainder 
remains in the vacuum evaporationo room 100. Thus, the approach of making only one kind of gas flowing in 
a fixed time amount vacuum evaporationo room 100, without making reactant gas flowing into coincidence 
in the vacuum evaporationo room 100 is called a gas pulse below (refer to the timing chart of drawing 2 ). 
[0035] If the inflow of the metal source is completed in the vacuum evaporationo room 1O0, after closing 
the valve of gas supply Rhine 1 14a for making the metal source flow, the valve of purge gas supply line 
1 14c is opened, and it is Ar and N2. The gas 4 which passes purge gas [ like ] in tp time amount vacuum 



evaporation© room 100. and remains in the shower head 110 and the vacuum evaporationo room 100 for 
example, TiCI, It is made to exhaust (purge gas pulse phase of drawing 2 ). At this time, the flow rate' of 
purge gas and the pressure of a vacuum evaporationo room are appropriately adjusted so that the metal 
-source which stuck to the semi-conductor substrate chemically physically is separated and may not be 
exhausted, and only the source gas which remained to the vacuum evaporationo interior of a room is made 
to exhaust. 

[0036] And after closing the valve of purge gas supply line 1 14c. the valve of nitrogen source supply line 
1 14b is opened, and it is NH3. TiCI4 which pours the nitrogen source [ like ] in tr time amount vacuum 
evaporationo room 100 and by which it is adsorbed chemically physically on the substrate 104 A metal 
nitr.de like TiN is made to form on the semi-conductor substrate 104 by making it react with the metal 
source [ l.ke ]. Namely. NH3 TiCI4 which remains in the vacuum evaporationo room 100 while passing 

? 3 PUrge gaS PU r Se Pl } ase before the nitr °een source [ like ] flows in the vacuum evaporationo room 
100 The metal source [ like ] is beforehand exhausted with a pump (refer to drawing 1 ). Therefore the 
nitrogen source like NH3 is TiCI4 in the vacuum evaporationo room 100 except the semi-conductor 
substrate 104. It does not react with the metal source [ like ]. Therefore. TiCI4 NH3 A metal nitride like TiN 
forms only with the semi-conductor substrate 104 to which it is sticking (NH3 pulse phase of drawin g 2 ) 
[0037] Under the present circumstances, it is Ar and N2 because of the flow of smooth gas It is 
conveyance gas [ like ] NH3 With the nitrogen source [ like ], it can mix and can pass in the vacuum 
evaporationo room 100. 

[0038] On the other hand, while the metal nitride formation approach by the conventional ALE leaves only 
the source which is made to purge the source to which it stuck physically and which adsorbed chemically 
on the substrate, it is fundamentally different from the point of not only the source that adsorbed 
chemically on the substrate but the source adsorbed physically leaving the metal nitride formation 
approach of this invention, and making it reacting. 

[0039] Next, the nitrogen source for the remainder which the metal source and a reaction are completed 
and remains in the vacuum evaporationo room 100 is exhausted, passing through the second same purge 
gas pulse phase as the purge gas pulse phase where it already explained (purge gas pulse phase of drawing 

[0040] In order to adjust the pressure in the vacuum evaporationo room 100, while giving said each phase 
on the other hand Ar and N2 It is desirable to supply a controlled atmosphere [ like ] continuously in the 
vacuum evaporationo room 100. 

[0041] Thus, the metal nitride formation approach using the gas pulse by this invention is TK5I4 Pulse 
phase -> purge gas pulse phase -> NH3 Pulse phase -> a metal nitride like TiN of fixed thickness can be 
vapor-deposited, passing through one cycle which consists of purge gas pulse phases, an evaporation rate 
— 20A of outlines, and cycle it is — since the thickness of a thin film will increase-like proportionally if 
this cycle is repeated, the thin film of desired thickness can be vapor-deposited to the semi-conductor 
substrate 1 04 repeatedly [ of a cycle ]. Under the present circumstances, the flow rate and purge time 
amount of the flow rate of the metal source which flows in the vacuum evaporationo room 100, the flow 
rate of the nitrogen source and a gas pulse period, and purge gas can determine the thickness of the metal 
nitride vapor-deposited to per 1 cycle. 
[0042] 

[Example] Hereafter, the example which forms the TiN film by this invention is described. 
[0043] The TiN film is vapor-deposited by the cycle constituted from under the following reaction 
conditions by the above-mentioned gas pulse phase on the semi-conductor substrate 104, operating a 
<example 1> heater (102 of drawingj, ), and maintaining the temperature of the semi-conductor substrate 
104 in low temperature of 500 degrees C or less. 

[0044] Vacuum evaporationo condition target matter: TiN controlled atmosphere: The pressure of Ar 
vacuum evaporationo interior of a room : [ 1 - 20Torr metal source, ] Nitrogen source: TiCI4 and NH3TiCI4 
A flow rate and TiCI4 Pulse period (ts):1 - 5sccm, 5secNH(s)3 A flow rate and NH3 Pulse period <tr):5 - 
30sccm, 5sec purge gas, a purge gas flow rate, purge time amount <tp):Ar, 10-1 OOsccm, 1 0sec 
conveyance gas, a conveyance quantity of gas flow : Ar, time amount [ per 1 cycle 10 - 100sccm ] (tt> — 
the condition of the TiN thin film vapor-deposited to the semi-conductor substrate 104 on such conditions 
30 sec — RBS (Rutherford Back Scattering) — the result checked by law is shown in drawing 3 The 
channel of an axis of abscissa shows each channel of MCA (Mutilple Channel Analyzer) by drawing 3 and 



» 

it has the relation of the EfeV] =4.05x channel +59.4 with E of energy. Moreover, the axis of ordinate of 
drawing_3 shows the yield by which the element detected by MCA was standardized. 
[0045] The TiN film vapor-deposited and formed in the semi-conductor substrate 104 on the above 
conditions wears gold peculiar to TiN, and as shown in drawing 3 , it has the perfect presentation of 
Ti:N-1:1. As shown in drawing 3 , CI contained in the TiN thin film is below the limit of detection by the 
RBS method, and is 0.3% or less of the whole element contained in a TiN thin film. Moreover, the specific 
resistance of the TiN film vapor-deposited and formed in the semi-conductor substrate 104 on the above 
conditions had the low value the measured value of whose is 1 30micro ohm-cm extent. On the other hand, 
according to several experiments, in order to have such an outstanding thin film property, it checked that 
the thickness of the TiN thin film vapor-deposited per 1 cycle should make 20A or less. 
[0046] On the other hand, drawing 4 and drawin g 5 are the nitrogen source NH3 respectively. The result of 
having measured the specific resistance and the evaporation rate of the TiN film which are vapor- 
deposited by the approach of this invention is shown changing a flow rate and the vacuum evaporationo 
room pressure force. An evaporation rate is NH3 as shown in drawing 4 and drawin g 5 . Although it 
increases by the increment in a flow rate and the vacuum evaporationo room pressure force, thereby, 
specific resistance also increases. Therefore, it is desirable to consider all of the thickness demanded by 
application of a metal nitride, an evaporation rate, and specific resistance, and to set up vacuum 
evaporationo conditions. 

[0047] <Example 2> The specific resistance by change of an evaporation rate, the thickness of the TiN film 

vapor-deposited according to the increment in the number of cycles and an evaporation rate, and vacuum 

evaporationo temperature was measured per cycle under four vacuum evaporationo conditions as shown in 

the next table 1. here — the metal source — TiCI4 it is — in the nitrogen source, NH3 and purge gas used 
Ar. 

[0048] 
[Table 1] 
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[0049] each upper vacuum evaporationo condition exception — per cycle — an evaporation rate — an 
outline — it was the same as the degree. 

[0050] TiN 00:20A / cycle (since 1 cycle is 20 seconds, they are 60A / min) 
TiN 01:2A / cycle (since 1 cycle is 12 seconds, they are 10A / min) 
TiN 02:3.5A / cycle (since 1 cycle is 8 seconds, they are 26.3A/min) 
TiN 03:6A / cycle (since 1 cycle is 8 seconds, they are 45A / min) 

Moreover, dr^ngji and drawing^ are that the thickness and the evaporation rate which are respectively 
vapor-deposited with the increment in the number of cycles are shown. Vacuum evaporationo temperature 
was made into 500 degrees C only here. An evaporation rate increases slowly ( drawing 7 ) and the 
thickness vapor-deposited increases in proportion to it, so that a drawing may show and the number of 
cycles increases ( drawing_6 ). Therefore, the thickness of the TiN film which adjusts and vapor-deposits 
the number of cycles on certain vacuum evaporationo conditions can be adjusted. 

[0051] And ^ drawing ji is a graph which shows the result of having measured the specific resistance of the 
TiN film which follows vacuum evaporationo temperature according to four upper vacuum evaporationo 
conditions. Specific resistance decreases as vacuum evaporationo temperature increases from this, 



especially they are the vacuum evaporationo conditions TiN that an evaporation rate is high. It turns out 
that specific resistance 'decreases rapidly by 00. Moreover, it turns out that the specific resistance below 
200micro ohm-cm is obtained from all four vacuum evaporationo conditions at 500 degrees C of outlines. 
• L0052J Next, the example which applied the metal nitride formation approach of this invention to beer 
contact is explained to a detail with reference to attached drawing 10 thru/or d rawing 21 . Here, in each 
drawing, the same sign shows the same member. 

[0053] First, the 1st metal layer 210 which consists of aluminum is formed on the semi-conductor 
substrate 200 like gVawingJ_0 . and the TiN film 220 is vapor-deposited as capping film on it. This TiN film 
220 can be vapor-deposited by the sputtering approach. Subsequently, if the part which carries out the 
teminating of the interlayer insulation film 230. and forms beer is etched, it will become like drawing 1 1 . 
Before vapor-depositing the TiN film of a barrier-metal layer here, in order to improve the adhesion 
property of the TiN film, Ti film is formed thinly. This Ti film can also be formed by the sputtering approach. 

[0054] Subsequently, if the TiN film of a barrier-metal layer is vapor-deposited by the metal nitride 
formation approach of this invention mentioned above, it will become like drawing 12 . That is, as the metal 
source, it is TiCI4. Using it. the nitrogen source is NH3. It repeats until it uses it. and passes in order of 
metal source -> purge gas -> nitrogen source -> purge gas and obtains desired thickness within vacuum 
evaporationo equipment like drawing 1 mentioned above. The flow rate of the metal source, the nitrogen 
source, and purge gas is respectively set to 1 - 5sccm, 5 - 200sccm. and 10 - 200sccm, and -each inlet 
time may be about 1-10 seconds. If vacuum evaporationo temperature is made into 480 degrees C or 
less, the vacuum evaporationo room pressure force is set to 1 - 20torr and it is required, it is Ar, helium, or 
N2. A controlled atmosphere, and Ar and N2 Conveyance gas can be used. Such vacuum evaporationo 
conditions consider vacuum evaporationo equipment, an evaporation rate, the thickness of the TiN film 
vapor-deposited, and specific resistance, and adjust them appropriately. 

[0055] Subsequently, the metal plug 250 which consists of a tungsten (W) by the usual approach is formed 
( drawing 13 >• and after removing the metal vapor-deposited on the top face of an interlayer insulation film 
235 with chemical machinery-polish or etchback ( drawing 1 4 ). if the 2nd metal layer 260 is formed on it 
( drawing 1 5 ). connection between metal layers will be made. 

[0056] On the other hand, although drawing 1 6 thru/or drawing 21 are the sectional views showing the 
process which forms support beer contact and it passes through the same process fundamentally with 
aforementioned drawjngJO thru/or the process of drawing 1 5 . in order to spread a touch area and to 
reduce resistance so that drawingJl may show, the point which forms Support A in the lower part of a 
contact hole is different. Here, in each drawing, the same sign shows the same member. Like drawing 16 . 
after Support A forms a contact hole, it is formed by carrying out the wet chemical engraving of the 
interlayer insulation film 335. Since the process the outside of it is the same as aforementioned drawing 1 0 
thru/ or the process of drawing 1 5 , detailed explanation is omitted. 

[0057] Thus, TiFX which the good barrier-metal layer of level difference spreading nature is obtained at low 
temperature, and is shown in drawing_? A and drawing 9 B when the metal nitride formation approach by 
this invention is applied to beer contact AIFX The poor contact [ like ] X can be prevented. 
[0058] <Examp!e 3> After vapor-depositing Ti film by sputtering by the thickness of 100A as follows to the 
contact hole where width of face is different, the TiN film by sputtering which is the TiN film and the 
conventional approach by the approach of this invention as a barrier-metal layer by which collimation 
(COL) was carried out was vapor-deposited by the thickness which is different from each other, and the 
beer resistance at the time of forming a plug by CVD-W was measured. The vacuum evaporationo 
conditions of the TiN film by this invention are only TiN of the vacuum evaporationo temperature of 450 
degrees C. and the example 2 mentioned above in addition to this. It considered as the vacuum 
evaporationo conditions of 00. 

[0059] Beer width of face: 0.24. 0.32. 0.39 micrometers (the depth of beer: 0.9 micrometers) 

Th.ckr.ess of the TiN film: 100.200.400.600A (it vapor-deposits by the approach of this invention above). 

700A (collimation TiN) 

Resistance decreases, so that beer width of face increases on the whole, as shown in a measurement 
result and drawing_22 , and it turns out that resistance is so small that the thickness of the TiN film by this 
invention is small. As compared with the collimation TiN film for a comparison, resistance of the TiN film by 
this invention of 100A thickness appeared similar. Especially when beer width of face was 0.39 



micrometers, all of beer resistance of five upper TiN film appeared in resemblance. On the other hand, if it 
forms on the conditions that an evaporation rate is still slower than this, and specific resistance is small 
when considering per cycle formation on the vacuum evaporation© conditions that an evaporation rate is 
- quick and specific resistance (20A / cycle) is large (it is 300micro ohm-cm at 450 degrees C) so that the 
result of an example 2 and drawingJJ may show the TiN film by this invention, it turns out that it can be 
greatly improved by beer resistance. 

[0060] Moreover, it is the graph which shows distribution of beer resistance of each TiN film in case beer 
width of face is 0.39 micrometers, and, as for drawin g 2 3 , it turns out that the collimation TiN film and all 
the TiN film by this invention get 1.0 ohms mixed up, and it is equally distributed without a big difference. 
[0061] As mentioned above, TiCI4 And NH3 Although it explained considering as a precursor and forming 
the TiN film which is a metal nitride TiCI4 of the above [ this invention ] not only — TiCI3, TiI4, and TiBr2 - 
- TiF4, 2 (C five H5) TiCI2, and 2 (5 (CH3) C5) TiCI2, C5 H5 TiCI3, C9 H10BCI3 N6 Ti, and C9H7 TiCI3 
TiCI3 and TiCI4 2 (NH3), (C5 5 (CH3)) The TiN film which used 5 C5 Ti <CH3)3, TDEAT, or TDMAT as a 
precursor, (CH3) And TaBr5, TaCI5, TaF5, and TaI5 Or (C5 5 (CH3)) TaCI4 It can apply to the metal nitride 
of the TaN film used as a precursor, and most of matter layers further vapor-deposited using the CVD 
approach. 

[0062] It is desirable to make vacuum evaporationo temperature and a pressure into 250-400 degrees C 
and 0.1 - 10torr extent unlike the case where other precursors are used, when forming the TiN film, only 
using TDEAT and TDMAT as a precursor, and since all the precursors for forming the TaN film enumerated 
upwards are solid-states, when forming source gas, the point which should use the bubbler for solid-states 
(solid bubbler) is different. 
[0063] 

[Effect of the Invention] As investigated above, according to the metal nitride formation approach by this 
invention, the metal nitride which has the low specific resistance below 200micro ohm-cm and low CI 
content is obtained, excelling in level difference spreading nature. And it is possible to form a metal nitride 
at low temperature 500 degrees C or less, and an evaporation rate is 20A of outlines, and cycle. A growth 
rate is 0.25A / cycle. Compared with the metal nitride formation approach by ALE, an evaporation rate is 
far quick. 

[0064] Therefore, since the corrosion problem of metal wiring by CI which remains in the metal nitride as 
an impurity which is the trouble of the metal nitride vapor-deposited at the conventional elevated 
temperature 650 degrees C or more, and the problem of high specific resistance are solvable, it is 
applicable to the beer contact with which an aspect ratio is large with contact and low temperature is 
demanded, and since the evaporation rate is quick compared with the metal nitride formation approach by 
ALE, it is suitable for the production process of the semiconductor device as which mass production 
method is required. 
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^^©iis^isgpTsci^^ssi-r-sii^i 7<c ; 



(*> 1 1 - 1 7 2 4 3 8 

4 

fBS£©¥ig<*gg©:£j|in>*27 hBfSCfim. 
tffi^2 8] firiBSJU #JI/gttA 17*"3Ci4fil 
gii-rSIS^l 7tCfB*£©¥gfcgg©£Jl:3>£f 

[000 1 ] 

&(C<&»}. S*ffl{C«#)SV-^i^y-x?rB5fgfl-i 
6rfW8-r*ffc5*«*ffli*ft (Chenical Vapor Deposit 
10 ion. &T C V D i f S ) «c J: 4^JSSffcBI0fig^R 

ra-r*. 

[0002] 

[ fi£3fc©i£{f5 ] ^Ogftifr?-© n > £ ? h W"E©:£'€f fc© 
^©PSM^Jg/f 4 LTli-JiaWtCT i N. TaN. W 

T i N&mmrj:®'mx-$>s. 

20 [0 0 0 3 ] L.#>U T i NOJzStt&mmtm&X'* 

#i5mx9m? ®mmimm< xm 

-mtbx. £SEi|§fa©&*§©fc&© try 3 > $ 9 v 

(via contact) i:Btf$L l> /t*i^-©tRiB€rSI 9 A SO 6 ® 
9B4CjnT„ I39ASc>13 9B(iS'!j**fi«CK'T3>^ 

■e©^fi£j§g{*^©ji0-C*S. *ittl«2 0±(CT 
^S---jA,fc9&SJBl&JlJ13 0=Sr^L t ^©±<C 

2<e>^|giL / -CT i N]g4 04XA5»$iJ>^ 

30 ffi-c^o/cf^, ■m«ftMs 0 • 5i*s®-r6. ;x 
m i ^Jiji 3 o ±<Dmm&®Sk*&m vx 3 > 

? h )HBf£L (m9B<Dm-£l*m5KMMX'7>t} 

-h^BjSLt smm*mm$Hs) . «^@©t iso* 

NS^IRIIOT i NJi6 0 , 6 1 tiKttbfcf*. CVD 
S-C3>3?2' h^-;U«rjSfc-r^>y^7"> (W) -f=? 
^7 0. 7 l*^-rs = JWf^. {t^«*Sft!j5Ffe-¥>i -j 

2 ^JUg^g-r & C t tc J; •C#JlBB«P H 13i*S&'Sfi£ 

to tooo4] cc-c, mwxmmg&mmvT \ n 

i6 0. 6 1 i$mmi5&&£ < ftOX;* v *V > y» 

a-T&ir-rstf. ty©$$tt***#<&stco*iT3 

TiJT i NM©^$*s«<)i-2.. SfoT. -e©ff3*s» 
USM4TT i ttcitA 1 ^f^xig^^^i/^^^iaf 

^>^5=->y-^*r^-c*^WF 6 ©glSy^^ 

i*S^trte^'St?*-2>T i F, */c«A 1 F x «r^fiS 

[0005] C©J:^^c=i>^^ h"^H*l^*-r4^ 
0 4LT. ^#B#K^if-^LrT i N)®6 0. € 1 ©/?3 



i Nm<Dm2t>mfiaLx. r*-;u©±;£#3£ 

e^^tsftra i l xwzz 2 tix * fc. 
[ooo6] -flange c v d -sjusftmie-ct** 

^ (C 1 ) Z^ts&mv-X (£01*) . m«T i C 
^^tt^^U^as^jitig^s*,^^. c 1 

<c. &mmtmt,c*i&®i± u-cgisc 1 «. a 1 ©«t 5 

•5. Sf-^r. ^s^fcMrttc^isc 1 ^B£«£> Litis 

S-C^^mjr^-t^-c-*^. fip*,. TiCl, ©«fc5 

%&mv-z$:m^tccvD-&mmitmj:mv2 0 0 

"2-c m«T©itffita*»-£fc«>K:«&/h|Sg6 7 5 *C 

(omm&mz&m t-rz. oa> u 600 -cjj<±©m » 
tm*. L- r * s =3 > * * h tc^nfeftiiOHrr & 

4 8 O'CWTO^jaSdig^stl^/cS). ill;® 
©C VD -^Jl^tMXg*s»fflf ^^CC^ 
[0007] fiSItCV D -^S^bJlXSi LXT 
iCl, ©J:^,c^Iv-^(cMH ( methyl hydrazin 
e, (CH, ) HNNH, ) £^Jrar 

[ 0 0 0 8 ] i&SBMibSBjmUiSKDJimi: Ltli, T D 
EAT (tetrakis diethylamino Ti. T i (N (CH, 
CH, ) 2 ) , ) , TDMAT (tetrakis dimethylami 
noTi, T i (N (CH, ) , ) , ) <D3i&£.mmm& 

*®.m? sMocvD- $tmmtm%.m;mifi3b a. m 

OCVD-^IMia, C l fcJ:*MBj£#»£t,«K 
<fiia^.#*SDjfigil^6^f*j$ > S„ L-*>U MOCV 

^LXm^tt^tn^mL. ©H^t4*57 0%m&X£ 

1 0 0 0 9 J C ] ft £Z>T$mg*?iW.?Z>fcib< l c 
l»'«Cl>«!0*jti LTB. m.^mm&m (atomic 1 
ayer epitaxy, tTFA LE £t»3 ) JCiS^RS^tS© 

«iIE(0. 2 5A/cycle WT) *5&S0 4CfciSi>£ 
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C«) $$BfJ¥ 1 1-17 2 4 3 8 

6 

[0 0 10] 

g# ill, > «c # 6 gft /c&&ttffifttt £ <gt > T-mmg&R 

[001 1 ] *9HfJQf6©Sft(2. ±lri©#JSig{tj!SJ£ 

fiS3> &£¥ii{*i!g©#js 3 > 4? * r ^mm LX. i&U 

[0012] 

[pss£iis&-r.sjfcs>©#tg] ±Mz<Dmm*:mz-? ztc 

B#P^^. ^JlV-^©jj£A?r®»rl/> ><-S?#*«aMI 

^ * ^«^F*3<cd£ l x m^mm»mm±ic m.m s n/c# 

©*A*S»fL^<-^^^.if^rt«:g£ur, ^.S^ 

[0013] *§tw<D&mmtm]tm-m:iz> w.^<om 

[0 0 14JCCT, iiV-XIJTiCl, (titani 
wn chloride) . TiCl, (titanium chloride) . T 
i I < (titanium iodide) , T i B r, (titanium br 
omide) . Ti F« (titanium fluoride) , (C 
s H, ) , T i C 1 2 (bis(cyclopentadienyl)titaniu 
m dichloride) . ( (CH, ) , C, ), TiCl 
j (bis<pentamethylcyclopentadienyl)titanium dichl 
oride) , C s H, TiCl, (cyclopentadienyl titan 
ium trichloride) , C, H le BCl, N. Ti (hydr- 
otrisa-PVrazolylborato)trichloro titaniun) , C, 
H, T i C 1 j (indenyl titanium trichloride) , 
(C s (CHj ) s ) T i C 1 j (pentamethylcyclope 
ntadienyl titaniun trichloride) . TiCl, (NH 
j ) j (tetrachlorodiaminotitanium) . (CH, ) , 
C 5 T i (CH, ) , (trimethylpentamethylcyclopen 
ta dienyl titaniun) . T D E ATSfcttT DMA Tf 
*9.SJSV-^«NH, £LX&m&<tf&X?-2>W. 
iV&*J&l$.X-4S . sfeRV-^TaBr, (tantal un br 
anide) , TaCI } (tantalum chloride) % T a F 5 
(tantalum fluoride) , Ta I, (tantalum iodide) 



S/c« (C, (CH, ) , ) TaCl, ( pentamethyl c 
Vdopentadienyl tantalum tetrachloride) £L. 

[ 0 0 1 5 ] g/c. >*-is*iX\tA r $?c«N 2 ©:R£ 

10 0 16] ^«Srt«:^At- 4&mv-j*. S35v- 

X. ^-i^'XwaEfitt, S-t? 1 -5 s c c m. 5-2 
00 seem. 1 0~2 0 0 s c c roll&C-r &C 

[o o ] 7] ifc, ^#§F«3©aE7j*-5£K:iN8#T.&fc 

«>«:. Ar. HegfctiN, (Onm%.ij ^WM^t*HC 

CO 0 1 8 ) — 7j. ^Jlv-^i LtTDEAT-f>TD 
MAT^fflLTT i N^^fi£t-StS^{C{*. g&tfS 
JKj£0. 1-lOtorr. IfiSg?:2 50~40 

Tzm^icis. mmmEjj* 1 -2 0 t o r r . &*& 

S?r4 0 0~5 0 0'C<frs. 

[ 0 0 1 9 ] ±ie©f6©Stt£gj$r£/c&©;fc#&9!© 
£B#fiB&. ^V-X©&A£ffi#rL;<--y#*£iJ£L, 

[0020] «JL©J; *£^jWgjft»|it;»?r3 
O/l $ ©|StI££JIIJi * 9 il L T &«rc # & „ 
t 0 0 2 1 ] C CT. £Kv-*t;*T iCl, . T i C 
li . Ti I, . TiBr, . TiF,. (C 5 H, ) 
2 TiCl, . ( (CH, ) s C, ) , TiCl, , C 
. H, TiCl, . C, H..BCI, N 6 Ti, C 5 H 
7 T i C I , . (C, (CH, ) , ) Ti C 1, . T i 
CI, (NH, ) , . (CH, ), C, Ti (CH,) 
, . TDEATS/cttTDMATT*0, SJRV-Xi* 

nh, £L-c&mmitmv9-z>mitm : i:Bi$.z-&tc 

0. iiV-XBTaBr, . TaCl s . TaF, . 
Ta I , £/cti (C 5 (CH, ) , ) TaC 1, 

C0 02 2] S/c. rt-'^UArttttN, ©^Fr£ 



C5) tmW- 1 1- 1 7 2 4 3 8 

8 

[0023] jJMISrt IfV-^S 

[0 024] *fc. ^.#mrt©BE^?:-StC«l}#f ^.fc 
Ar. HegfciJN, ©fia*'^*I»frt«: 

[0025] — Rll^SIJlOJf^^. #1RV-.X-«L 
l/TTDE AT-?>TDMAT£&JB-f £*l£t;t2 5 0~ 
10 4 0 0*C. -?-©^<D^)SV-^*fiyB-r5«^«4 0 0 
-5 0 0"Cit4Ci*sg$bl>„ 
[0 02 6] c © J: StefUsS 3 n/c*:^«c <fc © 
^^ttrfrf&^&j!)* 6200/iQ-c mfcnF©lKl>lt 
i6ta£{S<,>C 1 ^Si?rWrS#@l^fc)g*st#f>ti-S. 
* fc. 5 0 0 'CJi(T©<S?a-CC V D - #JS^t|gSrJK)5S 
0fc*i6Si#jlg#«[Bg2 OA/cycled. J&g»je*S 
0.25 A/cycle ©A L E «C i *£JSSHtlS^Jifc*;& 

[0027] 

c o o 2 8 ] @ i w^?g©0«*accj: ix&mmit 

[0029] 07pl/fcJ: 5 (c. 1 o o tcitmtm 

1 0 OftlCi&A£-tiZtclbtcm&<D*fX < g 1 
14 a. 1 1 4 bdsgW^ns*, #Xg©Ifc(*^S^ 
1 0 OrttcaEASttS^V-^igSfSV-*©^ BP 

fcJ5£5w*©»«:tt#u *¥m<om$&mxu 2 <i© 
^ti ua. 1 1 4 b*igawe>ns. 

30 [0030] CC2IO*'Xf 1 14a, 1 Hbll* 

©#wj©«##*£jiv-*©{8*6© (a^-r) tm 

SKI 0 4±(CT i NM*^#-r4^«:«/^BlV- 
UrtJT iCl, ^fflLtSv-XtlTttNH 
, «rffifflT-2>. — ^gl 14 a. 114 b©ffe(M 
©SS«^#^ 1 0 0 F*9fCt$gLfc*«»SK 1 0 4 <t©r 

^S§(» (il©D) fint^rc^^^^-^,, K 1 1 0 

teztxz>mm.mt. n^mi 1 4ai^t 1 14 b 

40 ©Sg{ciijfes*T.fc->+ -7 — ^-j h'l l 0&jicr^«M 
10 0{ci3£n. fcSt>®S££§cr<:<t«:<fc-?-r;¥ig<* 
S«l 0 4±KI»(St5„ 

[003 1 ] S/t7-«.9 Kl 1 0«Slo«^il^$ 
ti/j:l,^S-C^#^ 1 OOrticSfeti-SJr^tc-ri^JS^ 

— Stt^©«IS^x<&gf^S 

#5/^©^-^*^^^ i o oi^tc«*&-r4fc«?) 

(C. ^/X^l ] 4 a. 114 blCiZ/i-isiJxm&^J 

>ii4c. i i 4 ci*wi.<om-fz>m.ftm$n,\ 

so [0032] a >ta<m i i 2 amahti 



X s #1 1 2<D*>/*y(,cJ:~>xmmm.l OOftK^ 
- ^JgJCc^'X £ifeA 2 if tc h 2> C » # 
£o #1 1 2te, Hifca-?f^ ?*#(D<fc5K:, 
A e> *p C #>-g<DJ§ MTftO* >/*y* WffiV t & J: 

* bt». #j«wf# i o 2 i o 4 a 

[0 0 3 3] WT, HliHZ^JHbr, ±iecD<fc^ 

^c^fiS $ tx tc c v d ^scD^s^rt tss b tc^mtts 
&£S*i*iwc:tt!i]r&. 



[oo34] sr, its i o o nic¥m#mm i o 4 

*»A-r4. CCD^zg^SKl 0 4tt, h7>^^(D 
1 4 a£iIDTT i C 1 4 <D<fc^^IV^7^IfS 

i o orttc t swt. -3k n»tt#xo»n©fc 

SIV-X^iSA$^a/cd?)0[>^tt*S^>f> l l4a(D 
^©ffi©^Ftt*7tt«r*6. SEoT, IfllOO 
rttc«T i C 1 « OJ:5«C*«V-^/cWftSt-r. CCD 
IS. iiSAL/c^JSv-x<D-SP»«Sffii 0 4?i®K:fk 

*ASl**C±tt< -ffiffiCDtf * /ctt *— ©SHEWS 
1 0 0rtfci£A3tf£75ra£, «T#X>W*£«rr* 
(S2CD*-f * >ys#M) o 

[0035] mmm i o ortfc£jsv-*<D^Aa*ss7 

1 14a©#*Hi;m 1 14 

cO*tHl>TAr*N, ©<J:5^^?:tpB$ 
HKWSl 0 OftKlftELT, ^t"7-^y Fl lOStf 

^ssi o ortcc»ars^ % «*«t i c i 4 

[0 03 6] '<-£WXftte?<r> 1 1 4 CCD 

1>TNH 3 <D«fc5&ffiJftV-*«r t r B$r B 1Iil 1 0 0 
mmLX. Sffil 0 4±CC^fi9«JSWCCIR#StiT 

0 4±tcT i N0DJ:5&£JKgfk*&J 
Ml 0 0rtCC^ATaMtc>'<--> ; ^7X>'^xfSPg^:jS^: 

#e>, ^s^i oortccgwrraT i c 1 4 <d^^u^ 

86 -3 r, NH a ©J:5&g3Rv-,xtt % ¥3?{*Stgl0 



(6) 1 1 - 1 7 2 4 3 8 

10 

4*»Wc»fgl0 0WT»TiCU 0«fc9tt& 
V-*£KttH,ttC>. fct, TiCl 4 iNH, **R 

sur^s^ttsfii 0 4mT i Ncoj:5&£fli 

[0 0 3 7 ] CCDES, R?t^^X(Dd£tiCD/cd6CCA r 
N, <D<fc 5 NH, cDJ:5^*V-^i« 

[003 8] — 3\ tfcfcCD A L ECCck S£«g{fcI»KJ58c 
io r<k^W(CK2B3tifcv-^/cW*«i-rSffi, #fHB<D 

[0039] #IC, H(C»IBlfc^-S///^;S;^gB 

v - x t KJ£rt*3ET L/ T ^,*M 1 0 0 rttegiS-r SJMjft 
K) . 

[0 04 0] — 1 0 0 ftCDEJlZmBTZtc 

[0 0 4 1 ] CCD<£^$C, *ffe?l§(C<fc£#X'W;*S:ffl 
t*fc^K^kBJBJ5S*ffitt, T i C 1 , rtfrXSIM— 

^SBJ: 0 a*— ^;U^&3&S6— 5£<D/?3 

cdt i No*srj:&Mmtm*mM'ct&. mtaaat 

W&2 OA/cycle t^ot, C<Dtf-< 2 fr&R&ir -2> 
i»KO«3*5J:k«WCCltaO'r5/c«>, If-f^iKDSa 

30 DTBif mcomz (ommtzmftmiR 1 1> 4 cc^#t? 

^^>o ccd^, — 9-^^^DOc^-r^^R^kMcD 

»3W. Iff 1 0 0rt(caEA"T4*«V-^(D«ai<t 
[0 04 2 ] 

[0 04 3 ] <H^C?J1 >b-*- (Bl©102)* 
ftftSi* -C^SftSK 1 0 4CD®g^r 5 0 0 TOTOfi 
40 t^i&S(c«l^oa^t>, *i»(*Sfil 04±CC^CDJ:5 



[004411 
a^«3M : T i N 
^H^#X : A r 

MrtcDEE^ : l-20Torr 
V-^, B*V-^ : T i C I « . NHj 
TiCI, m>M. T i C 1 4 '*>vxmm ( t s ) : 1 - 

5sccm v 5sec 
50 NH, S&S. NH, ^\M/*BSBB (tr) : 5-3 0 s c 
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cm, 5 s e c 

'*-is#Z s >i-istfx&M % '*-&mi (tp) : A 
r. 10-lOOsccm, lOsec 
MM***. ajfi^SSfi ! A r , 10-lOOscciD 
lD-Jtfr^tXOtifffi ( t t) : 30 sec 
C©<t5«C*ftr*»#»«l 0 4(C3U*UfcT i N« 
R©tt»CCOl>r, RBS (Rutherford Back Scatter! 

nq) &xm&Ltcmm£m 3 icm-?. msxymo** 

>*WMCA (Mutilple Channel Analyzer) (Dg^? 
Q^ + >*;l/Sr^U x*ii/^©Ei«E [eV] = 
4. 05x^t>*;K59. 4©B««C*S. *fc, 
0 3 <D«i«it;tM C A i 0 *U 5 nfc5aR©a«Mfc 3 ft 

[ 0 0 4 5 ] ±©<£ 5 ftftftT^atttHK 1 0 4.6cffi* 
& U H 3 k:^T<t 5 KT i : N = 1 : l ©5ESft*J?£ 

X % T i Nmm\H( f C^£ti2>7£m±ft<D0. 3%«T*C 
£/c, ±©<fc 5 ft^T^VflaSfi 1 0 4(Clf 

iTMsn/cT i Nmoimmt, ^om^m^i 3* 



C7) tmW-l 1 - 1 72 4 3 8 

12 

Kfcn*OJl/S9««0fcT i N»BKD»S3W2 0 A 
[0 04 6] -* t H4RMB5ttS*ft*V--XNH 

10 # % *tifcj:oj«iapi*itarr*. se^r; &mmui 

C004 7] <IU60!!2 1 <D<fc*> «C40CD3R# 

ic i 4 i*v-x»NH, , ^-^#*ttA 

[0 04 8] 

20 





ft twin 












TiN 00 


Ssccm^ 
5fJ> 


40 seem, 
5f* 


150sccm. 


40 seem > 
5# 


3 ton 


SOscem 


TIN 01 


3 seem, 
3# 


150sccm* 
3# 


30sccm» 
3# 


150sccm x 
3& 


2torr 


30sccm 


TiN 02 


3 seem , 
2# 


I50sccm > 
2# 


50sccm, 
2# 


150sccm, 
2# 


3torr 


30sccm 


TiN 03 


Sscem % 
2# 


lSOsccm, 
2& 


lOOeccrn v 
2# 


1 50sccm N 
2# 


3torr 


30sccm 



[0049] ±<D^mmmmucv^ ^)vm^Mmm& 

[0 05 0] TiN 00: 2 OA/cycle (— VA 2 
Mfi2 0#r*SOT6 0 A/min) 
TiN 0 1: 2 A/cycle {—VAZfrifiX 2&X$> 
&<DX 1 0 A/nrin) 

TiN 02:3. 5A/cycle MO^SSt 40 
t>Z><DX2 6. 3A/min) 

TiN 03:6A/cycle (— ?4*AoP8f* a C*& 
CDT'4 5 A/min) 

c xmm&mt 5 0 0 °c t u /c 0 & 5 

(He) . «eoT, — Mvm&ek&xv << 2 )v&*:wm 

IsXMMTZT i N 3 assess* so 



[0051] *lx. m8te±<D4~o<Dmmg&micm 
orttfiin^fiaicca^-sci^^s. *fc, ens 

5 0 0 *Cr 4OC0^r<D^S^fr^6 200MQ-cm 

[0052] #*c\ *^osaiia<bWBJiJE*ffift trr 

[0 05 3 ] 0 1 0cDJ:^W:*aif$SS2 0 0± 

CCA 2 J:9&**1&JM2 1 0«»JAL. ^<D±tc + 
t ^ t> i/Ri IT T i NR2 2 0 S^tt 5. COT 

i n^2 2 oa^^9»y>^^£-c3iarc«&. 
x\ mmmmm 230 ^sn l vT&j&fSrs- zmoLZtb 
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[0054] #a>r, vrifiL^ftno^MafkiDBa 

Oi^CCttS. BP*3, £JSV-X4LTteT i C 1 « £ 

v - - •/ # * cDiiari^ u r ^cDi? $ £f# s 4 r 

i«S^1^5sccm, 5-2 00 sccmMlO 

-2 0 0 s c cmi L, &*<D%L\nm\t\^\ o&m 

l- v 20torril t <&g"C£>fttf A r, He £/cl* 
N, (Dnm%tJX^ Ar, N, ©aiR^iflgflir* 

[0 055]^r, mgoyfimx % > v (w) 

J:0ft&&M^7^2 5 0*»JSRU (013), ffc^ti 

ww«*x 7 ^ ^ *~emmmmm2 3 5 <D±®k:^ 

»Lfc£»i*Bft*L;fc: (HI 4) f& ^cr>±(cm2^Jl 

»26o**flEr*4 (si 5) Gmmmm&fiitsti 

[005 6]-*, 116M@2 1«7>^-bT3 

>*2h*j&ft*&mm&ttmMax9>~>x % ue© 

01 075SH1 5 (DilS£a»:nccR 

HI 7*»6to*4J:5«: % ^®a^E^rS^(ST 

£i*£/ctf>K::3>££ h*-;l<<DT^CC7>#~A*JfJ 

£CT\ &Hit*5<,>T|5)— 
«tt**5Vr. 7>jfr-A«: % HI 6<D<£5CC, n>3?^ 

h*-^*jBflEufca % iini&iiR3 3 5 ^m^tmir 

[ 0 0 5 7 ] C <D<£ 5 tc, *«H*c J: SAIttflJBBrt 

i Fx *>A 1 F x <D<fc5tr=2>** t^mX*ffi±X$ 

[0 0 5 8] <*56^3>^CD<t ^(C, *8#j£5n>* 
* h*-Jl>(c*-rc? £ y>yjcj:4T i 18* 1 0 OA© 

£T i N«avtJ»o»ffir*4X^7*ij>y{cj:S 

»»U CVD«WC^y*JBj«Lfc»^©hrT«!a 
*ffl'JSb/c e #»J8fcJ:4T i NlgOlS^ft 

»• 450 *c<Dmmu&t*omi£mi&Ltcmmw2<D 

Ti N 0 0©3t»ft#4Lfc. 
[005 9] tTTtt: 0. 24, 0. 32, 0. 39 ^ 



(8) 1 1 - 1 7 2 4 3 8 
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m (VTVmZ : 0. 9 Mm) 
T i NmomZ : 100, 200, 400, 600A 
<«±**9!<3!>]6rj£*CJ:»}«5#) , 700A (:?';>- 
f>3>T i N) 

ffi£f$*, H2 2 Ktt*5K±MiKVym#Wnr 
&t2^ffi*sX4>U #^K:J:&T i NJSO/I^^VJn 
3 1 > « 4fiffi#/J>> S i > c 4 tffrfr * . Jt©at*<D a«j> 
>3>T i N«4Jt«"rSi, 1 0 0 Am$<D*&W 
KJ;&T i N«<D»ta*WttUc3H*ifc. ««c % fcT7*B# 
10 0.3 9 /im<DB$«±(05oCDT i N0t©fcf7filnrt*£ 

2©tt*4BI8*»6fc^SJ:5«:, 

SStf»<T (2 OA/cycle ) Jt&ft**£*l> (4 5 0 

[0060] g/c, B2 3-«tT(B^0. 39<imCDB# 
©ST i Nm<DVTtem<DftftZ^-?#^yx$>~>X. 
20 a»|y-5/H>T i NKi*5MI!«cJ:&T i N«£=C# 
1. 0 ^ ^ii IT U(cf I < 4t <b 

[006 1 ] fcLb, T i C 1 4 MNH 3 SrtMttte b 

r*iaftlr*4T i NH*jBJssrsc4«:o^r» 

Wlfc*. *»IBttlflffi©T i C 1 < flfWTNSK T i C 
1.. Ti I 4 , Ti Br, , T i F« , (C, H, ) 
, TiC 1, , ( (CH 3 ) 5 C s ) , TiCl, , C 
, H s TiCl 3 v C 9 H 10 BC1 3 N 6 Ti, C 9 H 
7 T i C 1 j , (C 5 (CH 3 ) s ) T i C 1 3 , T i 
30 C 1 , (NH 3 ) 2 , (CH 3 ) 5 C 5 T i (CH 3 ) 

s , TDEAT*WJTDMATi«Bft4Ltifflb 
tcT i NJg, ^ITT a B r $ . TaCl s , Ta 
F 5 , Tal, */c« (C 5 (CH 3 ) 5 ) TaC 1 « 

[0 062] m^C, TDEAT^TDMAT*huIB«:4 

fc»^4tt*,», JK*aft^EEA«:2 5C^4 0 0iC. 
40 0. 1^10torrgRit5C4*J2*U^ ± 

(solid bubbler) ?r^fflT-<^^^^ e 
[0 06 3] 

SltBBg«c*ffi«:j:S4, KM^14(cffn^62 0 
0/iQ-c m«T<D<gC^kfiJn4(6C^C 1 ^S*W"T^> 

^KS{fcBt^»e>*is. -euT, 5 0 0 -ci^T^igs-c 

^KS<fcfll*Jg«E-rs-C4^pIfiET l *-DT, 3B»iifl[*5 
50 m& 2 0 A /cycle r^cgii^O . 2 5 A /cycle CD 



* 



(9) 
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(0064]fit,t. g£3fc©6 5 0 'Cy.±<DM&xmM 
JM^b^J^£lttb^Tg£itjIg*sm>ft:«?>. 

§ ti *> *m&m*(Dm mum icm u x i > -s . 

[HflSOflW&BiH] 10 

t£S Z>1c#><Di3 TsfaX* 4 z>^f(D— Wink-fit J 5 > 
[03] ^WtCcfc-pr^«3ti/c^^fc]g©RBS 
[04] *«W«:j:-,rA)Wi^fcBl*3ra«-*^. NH 

[07] *mnc*- 9 x&imw***rz>ts. ga 

—ffl&TjKWvyx-iSbZ. 30 
[08] *»WK«fcr>T£K»fci|*a»TSi$. 
jSStcSfT ££/lf gfbM©Jt!6i£©IH<£©— 0j£^-r ^ 

[09] 0 9A*jJ:CXS9B« t «|*0*ffi(c«l:-,T» 

[010] *»W©*JW<fcgt»Bfc)Ert6*fflt»fctr=i 
[011] *»BJ©^JS^k|g^fi!t)?j£*ffil>fctT=i 
[012] *8gO£jra<tireti&r&€ffl<,>fc: T n 40 



?#§a¥ 1 1 - 1 7 2 4 3 8 

16 

> * f F ffj/jj©*!©— ^£jjrr WM0^* * . 
[013] *^©^^tJi^^««rfflC^<:fT3 

> * * f- miSAWD— wzftt mmmx$> z . 

[014] *HSB©iIH WfiWS?:ffli,>fct7 ^ 
[015] *^©#Hia<bJi)B^«?:ffll^ctfT=3 

f hf^fiese©— W£7jrf»rffi0 
[016] x&w<D£mmmmi$2j&$ : m^tceT a 

* h Bfi£il?l©ffe©F!l©— 0d£jr;310Tffi0 
[017] *^©#^fb^^S*fflC>fctfT3 

[018] *Hi©^I§«SS*ttl:ffll,>fct73 

i-0fiesg©ffe©^©— t^i^-r»f®0-c*€>. 

[019] *^^©^)ig{bK^fi«ra*fli(,^cer a 

* hJfcfiSj§H©ffc©#l©— {^«r^-rBTS0-C*-2.. 

[020] *ftw<D&Mmtm&fmm>£:m^tcXT => 

* F 0fiKS?I©ffe©0!j©— ^*^-rjRffi0T-*-5., 

[021] *^©^s»bMJK^^ffl^fcer=» 

f h 0seiag©ffe©w©— m*7r;-rmwmx-$>z. 

[02 2] *^S^S£*©^MtcJ;oT^M^SJi^ 
[02 3] ^^^^©^{Ciorplll^JllJl?: 

100-mmm 

1 0 2-fc— 
1 0 4 • 

1 1 0 — is + v — v v K 
1 1 2-# 

1 1 A-iixm 

2 10-^1411 
2 2 0-TiNK 

230 -mmmmm 
235-mmmmm 
2 4 o-t i nm 

2 6 0- m2&mm 
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[HI ) 



[02] 




100 



104 
102 



(ncu) " 

n 

(Ar. Hi) ~^ 
(Ar. Hz) - 



P4 



> I 
! OFF ! 



I 



OFF 



ON 



OFF 



i 



ON_j 

OFF | ON j OFF | ON | 



tej tp J tr j tp 
tt (1 Cycle) 



[193] (H4] 




[05] [HB] 



r 35 1000 
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[H7] 



ims] 




50 100 .150 200 



[09] 



(A) 



— 60 




(B) 




235 



235 



J 

G 



600 
500 
400 
300 

200 
100 



-TiNOl 
>TiN02 

-TiN03 

TiNOO 




420 



440 460 480 500 



{@i i ] 



[Hi 0] 




235 



230 



200 



[912] 




240 



235 



235 



200 



[015] 




235 




•235 



-200 



[013] 





245 



235 



200 
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[016] 



[017] 



[018] 



335 




335 335 



300 




335 



335 



300 




340 



335 



300 
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(02 0 ] 



[02 1 ] 



335 




335 



335 




—345 



335 



335 



300 




335 



300 



[02 2 ] 



[023] 



5 
4 

3 

2 
1 




0.24 0.28 



TiN 100A 
*#m<»TtH 200A 
TiN 400A 
TiN 600A 
70OA 



0.32 0.36 
^Tfe (jXm) 



0.40 0.44 



I 



**PitoTiN 100A 
*&mz>T\H 200A 
*m\(oTiN 40OA 
*38W<Z>TiN 6 00 A 
COL— TiN 7QOA 




(51) Int. CI. 6 tt£lJK# 
H 0 1 L 21/768 
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